| INTRODUCTION
A monograph on sex and gender differences in influenza published by the World Health Organization in 2010 1 concluded that the "rates of hospitalization from seasonal influenza viruses are consistently larger in males than female of all ages, where data are available." This conclusion was based upon studies of hospital discharge data in Canada 2 and Denmark. 3 In contrast, these studies showed that women of reproductive age had rates similar to or slightly higher than males of the same age. These studies were limited, however, in that they did not specifically examine hospitalization rates among confirmed influenza cases; rather, they examined hospitalization discharge codes for pneumonia and influenza.
In 2003, the US Centers for Disease Control and Prevention established population-based enhanced surveillance for laboratoryconfirmed influenza-associated hospitalization, FluSurv-NET. 4 of adult cases were female and that, even after excluding pregnant females, more than half (55%) were female. 5 A more detailed analysis of differences in influenza-associated hospitalization incidence by sex over a seven-year time period was performed with data from a single FluSurv-NET site, Connecticut. 6 Female sex was independently associated with higher rates of hospitalization, even after controlling for pregnancy. This finding was most prominent among women of high census tract-level poverty, blacks, and Hispanics. It could not be explained by pregnancy, vaccination rates, or underlying comorbidities.
No studies have comprehensively examined these factors across a large geographic area in the United States during non-pandemic influenza seasons to determine whether these findings could be applied more broadly. To better characterize observed sex differences, we used data from FluSurv-NET sites that conducted enhanced populationbased surveillance during the 2010-2011 and 2011-2012 influenza seasons for laboratory-confirmed influenza-associated hospitalizations.
| METHODS
We used laboratory-confirmed adult (≥18 years) influenza-associated hospitalizations reported through enhanced population-based surveillance by the 14 FluSurv-NET sites during the 2010-11 and 2011-12 influenza seasons. These cases had been previously geocoded for an analysis of influenza census tract poverty levels. 7 The sites, located in California, FluSurv-NET site. All incidence rates except the age group-specific ones were age-adjusted using the 2000 US Standard Population and the age groups specified above.
Incidence rates were also calculated for women 18-49 years old excluding pregnant cases, and new female:male IRRs were then determined. Pregnant cases were excluded from the numerator, and the estimated time pregnant women contributed was excluded from the denominator. As some women could be both pregnant and nonpregnant during the same 7-month surveillance period, we used person-weeks during the 7 months (30 weeks) of surveillance for the denominators for this comparison. The total number of person-weeks contributed by all women was the total number of women in this age group times 30. We assumed the pregnancy rates of all women 18-49 years overall, by age group, and by race/ethnicity who were pregnant in 2010 were the same in the catchment area as in the USA as a whole. 13 Of note, these annual pregnancy rates are only an approximation of the number of pregnant women in the population, as a woman may experience multiple pregnancy outcomes over the surveillance period and there may be women who experience a pregnancy with an unreported abortion or miscarriage. As a woman would only be pregnant for 40 of the 52 weeks in a year, we multiplied the estimated number of pregnant women by 40/52 to adjust for this and then multiplied by 30 to determine their contribution in person-weeks to the total.
We further adjusted this to account for shorter pregnancies due to abortions and miscarriages. Based on the 2009 national pregnancy report, 14 65% of pregnancies resulted in live births and were given credit for term pregnancies. The 35% that resulted in abortion or miscarriage were given credit for an average of 20 weeks of pregnancy.
Age group and race/ethnicity differences in percentage of pregnancies resulting in live births 14 were accounted for in age groupspecific and race/ethnic group-specific analyses. The total number of person-weeks contributed by all men for the comparison was the total number of men in this age group multiplied by 30.
We also compared the influenza hospitalization rate for 18-to 49-year-old pregnant women to the rate in non-pregnant women using IRRs calculated based on person-weeks. The numerators were the pregnant and non-pregnant cases diagnosed during each surveillance season, and the denominators were those for each season as calculated above.
| RESULTS
Overall, 96% of the cases were able to be geocoded, resulting in a dataset with 6292 hospitalized adults with laboratory-confirmed influenza. Of these, 55.5% were female, more than 30% were aged 18-49, and the majority were white (61.5%) ( Table 1) . Additionally, higher percentages of cases lived in poorer census tracts.
Adult females were overall 1.17 (95% CI, 1.11 -1.22) times more likely to be hospitalized than males ( Table 2 ). The higher overall IRR among females was almost exclusively driven by higher incidence rates among females than males aged 18-49 (IRR 1.32, 95% CI 1.20 -1.44).
The incidence rate ratio was not different for females and males in each subsequent age group with the exception of females having an IRR statistically significantly lower than that of males beginning at age 75.
In unadjusted comparisons among 18-to 49-year-olds, females of all three major race/ethnicity groups and those living in census tracts with ≥10% poverty were significantly more likely to be hospitalized than males in the same race/ethnicity group or within the same poverty level (Table 3 ). In particular, Hispanic females aged 18-49 were 70% more likely to be hospitalized than Hispanic males in this age group. Females aged 18-49 living in census tracts with ≥10% poverty levels were at least 1.4 times more likely than their male counterparts to be hospitalized. When pregnant women were removed from the analysis, there were no statistical differences in IRRs by sex for 18-to 49-year-olds for all subgroups defined by race/ethnicity or by census tract poverty.
Overall, 282 (26%) of 1083 hospitalized females aged 18-49 were reported to be pregnant at the time of hospitalization. Pregnant women were nearly six times more likely to have an influenzaassociated hospitalization than non-pregnant women aged 18-49.
Although the relative risk of hospitalization of pregnant women decreased with increasing age, it was higher in all age groups (Table 4) .
Of the 282 pregnant cases, 269 (95%) had information on trimester of pregnancy at the time of hospitalization: 23 (8.6%) were in their first trimester, 84 (31.2%) were in their second, and 162 (60.2%) were in their third. These relative percentages by trimester did not differ significantly when the women were split into 5-year age groups.
Despite the elevated risk of influenza hospitalization, pregnant female cases aged 18-49 were no more likely to have been vaccinated than non-pregnant females aged 18-49 (25.5% vs 27.8%, P=0.48, Table 5 ). The overall vaccination rate in this age group was much lower than the 51.9% found in female cases older than 50 years.
While the IRR of influenza-associated hospitalization among pregnant women was similar across the 14 FluSurv-NET sites, the vaccination rates of pregnant cases varied widely (range: 9.1-57.1%, P<0.01, data not shown).
| DISCUSSION
We had several notable findings. First, we found that adult females overall were at greater risk for influenza-associated hospitalizations than males (IRR 1.17, 95% CI 1.11 -1.22). However, this result was driven almost entirely by the 18-to 49-year age group. In contrast, males aged ≥75 years were at significantly greater risk of being hospitalized with influenza compared to females of the same age. Second, within the 18-to 49-year age group, Hispanic, non-Hispanic black, and non-Hispanic white women and women living in census tracts with ≥10% poverty levels were at significantly greater risk than their male counterparts. However, these significant differences disappeared when pregnant women were excluded from analysis. Third, pregnant women aged 18-49 were at nearly sixfold higher risk for hospitalization than women aged 18-49 who were not pregnant. Finally, we found that pregnant cases were no more likely than their non-pregnant agematched counterparts to be vaccinated against influenza.
In contrast to the WHO monograph, we found few differences in hospitalization rates with influenza between adult males and females.
Only females aged 18-49 and older males (≥75 years) were at significantly greater risk for hospitalization with influenza. Importantly, our study was exclusively based on laboratory-confirmed influenza cases while the data cited in the monograph used hospital discharge codes for pneumonia and influenza. It is likely that causes of pneumonia other than influenza could impact the incidence rates presented in these studies.
The finding that excluding women who were pregnant explained sex differences in this study is different than that found in the earlier multiyear site-specific study in Connecticut using the same T A B L E 2 Number of cases, incidence rates, and female:male incidence rate ratios (IRRs) of laboratory-confirmed influenzaassociated hospitalizations by age and sex, FluSurv-NET, 2010-2012 surveillance system. 6 However, there are several differences between the two analyses. First, the former EIP study only analyzed data from one site. Second, the current analysis covered two years of influenza-associated hospitalization surveillance during which H3N2 was the predominant circulating influenza A virus and accounted for most cases. In contrast, the Connecticut study covered four seasons of influenza-associated hospitalizations, including the 2009 pandemic H1N1 strain which affected younger age groups and has been shown to have a high relative hospitalization rate for pregnant women. 15 The sixfold elevated risk of hospitalization among pregnant women compared to non-pregnant women aged 18-49 is consistent with T A B L E 3 Female:male incidence rate ratios (IRR) of laboratory-confirmed influenza-associated hospitalizations among 18-to 49-year-olds with and without pregnant females by race/ethnicity and census tract poverty level, FluSurv-NET, 2010-2012 15 It is also consistent with the increased risk of hospitalization for pregnant women during the influenza season compared to other times of year. 16, 17 We were unable to find other estimates of the magnitude of increased risk during seasonal influenza other than these ecologic studies. This study is the first, to our knowledge, to address the magnitude of the increased risk during pregnancy for seasonal influenza using an influenza-specific surveillance system. The finding that most hospitalized pregnant women were in their third trimester is also consistent with previous studies. 17, 18 The main reasons pregnant women are at higher risk for severe illness with influenza are thought to relate to physiologic changes during pregnancy. These changes include increases in heart rate, stroke volume, and oxygen consumption, decreases in lung capacity, and changes in immunologic function during pregnancy, all of which peak during the third trimester. 19 Another possible contributing factor that we were unable to investigate is that clinicians may have a lower threshold for testing and admitting pregnant women near the end of their pregnancy to closely monitor the impact of maternal illness on the pregnancy and fetus.
We compared the rate of vaccination among pregnant to nonpregnant cases as a surrogate for the relative rate of vaccination among pregnant and non-pregnant women 18-49 years. Assuming vaccination effectiveness was the same in each group, then the relative rate between cases should reflect the relative rate among the population groups from which the cases came. While we expected to find that pregnant cases would have higher vaccination rates than non-pregnant case women, they did not. Although recommendations for vaccination of all women of childbearing age regardless of risk factors were only first made in 2010, 20 vaccination recommendations targeting pregnant women have been in place since 1997. 21 Further, the 2009-2010 pandemic season that preceded the two seasons examined in this study clearly demonstrated that pregnant women were at high risk of complications. 15 Thus, we found it surprising that vaccination rates in cases were very similar among both pregnant and non-pregnant women.
The finding that pregnant women were at a much higher risk of hospitalization but not more likely to be vaccinated reinforces longstanding vaccine policy recommendations for focused efforts targeting pregnant women regardless of their stage of pregnancy. 22 There are several important reasons to vaccinate pregnant women: First, they are at higher risk of complications and severe illness when they get influenza. Secondly, they provide passive immunity to protect their future infant. 23 Finally, by receiving vaccination, they may be less likely to become influenza infected and transmit it to their infants. The 2010-11 rate for pregnant women was higher than the 25.5% rate we observed in pregnant female cases. The difference in vaccination rates between cases and all pregnant women is expected, as vaccination should prevent some vaccinated women in each group from being admitted.
Recommendations in the United
Regardless of the differences in vaccine coverage rates, national estimates still fall short of the Healthy People goal of 80% coverage. 27 To address this, additional efforts were recently taken to make sure all clinicians who provide care to pregnant women are aware of recommendations and their role in assuring all are offered influenza vaccine. 28 These efforts have included a public information campaign launched in 2014 by the CDC and partner organizations targeted at healthcare providers who provide clinical services to pregnant women, including sending a Dear Clinician letter to licensed healthcare providers in the USA. 29 This study has several strengths. First, it is a population-based study of laboratory-confirmed influenza cases obtained through enhanced surveillance. While some other studies of influenza in females were population-based, they did not use laboratory-confirmed influenza cases. 2, 3 Second, this study is more robust in geographic and population coverage, including data from 14 states, representing a population of nearly 21 million adults, and thus, provides a picture that is more generalizable than one from a single state or hospital.
Third, we systematically collected vaccine history data, enabling us to compare influenza vaccination rates among pregnant cases to nonpregnant case women of the same age groups. Recent reports of vaccination rates in pregnant women have not included information on non-pregnant women. 26, 30 This surveillance system has the potential to continue to provide information on the relative success of efforts to get pregnant women vaccinated against influenza compared to agematched non-pregnant women.
This study also has several notable limitations. First, analyses cov- virus. Analyses from different years are needed to determine the consistency of these findings. This is especially important given that the circulating strains in a given year may affect sex differences, especially if there is little existing immunity in the population. Second, conclusions cannot be extrapolated beyond hospitalization to true influenza incidence or mortality patterns in the population, as the reasons for hospitalization and influenza testing, especially of pregnant women, may reflect other issues in addition to influenza. Such issues include a possibly lower patient threshold for seeking healthcare services, and a lower provider threshold for hospitalization for patient observance, particularly in the third trimester. Third, there were assumptions made in the methods used. National pregnancy rates were age-and race/ ethnicity-specific, but there were not pregnancy rates by census tracts. Although our catchment area was widely distributed throughout the USA, available national rates may not have reflected the real pregnancy rates in these 14 sites. We also potentially overestimated the pregnant-weeks denominator by allotting 20-week gestation to all documented miscarriages, despite most being in the first trimester. In addition, we allotted 40 weeks gestation to all live births even though many were born prematurely. The effect of this would be to underestimate the risk during pregnancy, making the overall relative risk of influenza-associated hospitalization during pregnancy of nearly six an underestimate. It is also possible that some pregnant women were not identified as being pregnant, although this would be most likely among first-trimester pregnancies, which contribute little to the pregnancyweeks denominator. In the same vein, we did not account for the possibility that a woman who delivered during the surveillance period became pregnant again later in the surveillance period. We estimate that as many as 3.4% of those who delivered became pregnant again during the same influenza surveillance season. Not counting them in the pregnant-weeks denominator could result in a slight overestimation of the risk of influenza-associated hospitalization. Additionally, there were no data available to account for differences in testing practices between hospitals and/or 14 FluSurv-NET sites. Finally, some data were missing, including census tract of residence for 4% of cases and vaccination status for 13% of women 18-49 years old.
In summary, this is the first study to assess sex differences in laboratory-confirmed influenza-associated hospitalizations across a large geographic area with many cases. This study provides new evidence that in the United States from 2010 to 2012, sex differences in influenza-associated hospitalizations were driven by pregnancy.
Additionally, it confirms a high relative risk of hospitalization of pregnant women during two interpandemic seasons where H3N2 influenza was the predominant influenza A virus (seasonal influenza) and found that hospitalized pregnant women in 2010-2012 were no more likely to have been vaccinated than hospitalized non-pregnant women of the same age. These results reinforce the importance of policies targeting pregnant women for influenza vaccination efforts.
